We developed a buffered azide-free urea medium which is sensitive, specific, and nontoxic for rapid detection of Campylobacterpylori in gastric biopsies. Detection of urease produced by the organism provides the basis for the test. The substrate is urea in monobasic sodium phosphate buffer, and phenol red provides indication of the pH change that results from urease activity. A rapid change from yellow to red occurs in the presence of C. pylori, even at low concentrations of the organism. A slower color change occurs with higher concentrations of other urease producers, such as Yersinia enterocolitica and Proteus mirabilis. Experience with 51 patients with our medium showed excellent results in detection of C. pylori in gastric mucosal biopsies. In clinical research and practice, a rapid bedside test will be helpful for rapid diagnosis of C. pylori-positive patients.
There is a rapidly expanding literature showing a close association between the presence of Campylobacterpylori in human stomachs and histologically proven chronic active gastritis (2, 6, 10, 14) . The relapse rate of duodenal ulcer may be higher if C. pylori is present in the gastric mucosa (5) . C. pylori is a strong producer of urease (11, 12, 15) . Urease activity may create an alkaline environment by hydrolysis of urea and allow the organism to survive in the acid conditions of the stomach.
The current "gold standard" for detection of C. pylori is a combination of bacteriological culture and histological examination of gastric biopsies. Of all gastric sites, the antrum has been shown to harbor C. pylori most frequently (9) .
In clinical practice, a rapid diagnostic test would be helpful in the endoscopy unit, enabling treatment of C. pylori before the definitive microbiology and histology reports are available. Rapid methods of diagnosis are based on the preformed urease activity of the organism in gastric biopsies. In a defined medium, hydrolysis of urea by the urease of C. pylori can be observed by the red change of the pH indicator. Three media have been developed previously, but each has disadvantages (1, 3, 4, 8, 11) ; one contains sodium azide, which is potentially toxic and may contribute to hazardous waste (8) . This medium also uses a high indicator concentration, which may reduce sensitivity. The second medium is unbuffered and may react with urease from other organisms, leading to a false-positive reaction (1, 3, 11) . The third medium is solid and may take 30 min or longer to show a positive change (4).
We developed a medium which is specific, nontoxic, and rapid. We tested the new medium with 51 patients and examined the influence of temperature and storage on the performance of the medium. Preliminary results have been reported elsewhere (7) . MATERIALS when the medium was refrigerated and left at room temperature for up to 10 days. This medium was also tested at monthly intervals for up to 6 months after storage in a refrigerator. Finally, the sterile buffered azide-free medium was aseptically dispensed into 3-ml sterile bijoux bottles and used in a clinical study of 51 patients who underwent upper gastrointestinal endoscopy.
RESULTS
The viable counts of the bacterial suspensions are shown in Table 1 . At the lower concentrations, the numbers of C. pylori colonies were slightly smaller than those of the other organisms.
Buffered urea medium with sodium azide. When buffered urea medium with sodium azide was used, immediate reactions were obtained with the higher concentrations of C. pylori (Table 2 ). Other test organisms that produce urease (Y. enterocolitica and P. mirabilis) were slow to react and gave weaker reactions at 12 h only at the highest concentrations of organisms (107 and 108/ml). The weak urease producer P. aeruginosa and the urease-negative organisms E. coli and A. hydrophila remained negative throughout the 18 h of incubation.
Unbuffered urea medium with sodium azide. When unbuffered urea medium with sodium azide was used, a nonspecific reaction occurred with all of the test organisms, includ- The buffered azide-free medium was studied with 51 nonconsecutive patients who underwent upper gastrointestinal endoscopy. Three endoscopic antral biopsies were taken: one for histology, one for culture, and one for testing the buffered azide-free medium. Patients were considered to be infected with C. pylori if the results of culture and/or histology were positive. The results are summarized in Table  5 . Twenty-six C. pylori-positive patients and 22 C. pylorinegative patients were correctly identified by the medium. Two false-negative results and one false-positive result occurred. Sensitivity was 93%, and specificity was 96%.
DISCUSSION
Our results show that the buffered azide-free medium was superior in vitro to both the unbuffered and buffered azidecontaining media. The fact that viable counts of C. pylori at the lower concentrations were slightly lower than those of the other organisms did not influence its performance. Since use of sodium azide is prohibited in our hospital, only the buffered azide-free medium was studied further and tested clinically in the endoscopy unit.
After storage at room temperature, this medium remained stable for at least 10 days. However, since urea is known to undergo autohydrolysis, it is advisable to store the medium in a refrigerator at 4 to 8°C. Although the color change may take slightly longer at refrigerator temperature, this is probably of little significance. An important aspect of our study are the results of prolonged incubation. Gastric biopsies obtained in the endoscopy unit may arrive late in the day at the microbiology laboratory, and results of the rapid urease medium may therefore be read only on the following day. More importantly, when the total number of organisms is low (which can also occur after treatment that is only partially successful), a late-occurring color change can correctly indicate the presence of C. pylori organisms.
Clinical experience with our buffered azide-free medium and biopsies from 51 patients showed excellent sensitivity and specificity. Currently used rapid urease tests are potentially toxic (8) , are unbuffered (which makes them potentially less specific [1, 3, 11] ), or are solid (which makes them slower to respond [4] ). We showed that buffered, azide-free urea medium is sensitive, specific, and nontoxic for rapid detection of C. pylori in gastric biopsies. We believe that use of this medium avoids the potential lack of specificity of the previously described Campylobacter-like organism test, as well as the toxicity of sodium azide-containing media.
